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Abstract—When the health system goes into crisis and the lack of personal protective equipment becomes 
a reality, it is recommended to cancel all procedures that are not urgent, to carry out the contingency in 
the use of personal protective equipment. Besides for this scenario, the use of masks beyond the expiration 
date designated by the manufacturer and their reuse are actions indicated by the National Health 
Surveillance Agency (ANVISA) in a Technical Note released on March 31, 2020. To minimize the 
contamination of the mask, the health professional should use a face shield: The rapid technical evolution 
of additive manufacturing (AM) allows a new path to a circular economy using recycling and distributed 
production. This article aims to examine the current advances in thermoplastic recycling processes using 
additive manufacturing Technologies. After proposing the production of the stem using recycled material 
for DRAM, a comprehensive and in-depth review of the literature on the feasibility and state of the art of 
reusing plastic waste in materials using the Scopus, web of Science, and Springer databases. The results 
suggest that few works have been carried out for the recovery and preparation stages, while a major 
advance has already been made for the other stages to validate the technical feasibility, environmental 
impact, and economic feasibility. The development of each proposed stage using the open-source approach 


is a relevant way to dimension the DRAM to reach the technical potential for producing the stem. 


Keywords—Additive manfacturing; Individual protection; Plastic recycling. 


I. INTRODUCTION 


The WWF study [1],indicates that the volume of plastic 
that leaks into the oceans each year is approximately 10 
million tons, which is equivalent to 23,000 Boeing 747 
planes landing in the seas and oceans each year.To tackle 
this problem of waste accumulation, the european strategy 
for recycling plastics and the increase in the circular 
economy, highlights the political and business debate 
around the sustainable development of industrial 
production [2]. The circular economy addresses a central 
question of society about the current principle "take, make, 
dispose" (linear economy) and its negative effects caused 
by the depletion of natural resources, waste generation, 
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loss of biodiversity, pollution (water, air, soil) and not 
sustainable economy [3]. 


The validation (technical, economic, legislative) of 
plastic waste as a secondary raw material in industrial 
processes is now considered a central objective to integrate 
the EC in the plastic value chain [4]. Open and closed loop 
recycling strategies, as well as upcycling and downcycling 
functionality approaches can offer ways to validate 
secondary raw materials [5]. 


Recycled materials have also been used in additive 
manufacturing (MA). In this process, the pieces are made 
by the consecutive deposition of layers of material guided 
by a three-dimensional (3D) model of computer aided 
design (CAD). With the end of the FDM process patent in 
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the 2000s, the development of self-replicating machines 
known as RepRap (Replicating Rapid Prototyper) began. 
These printers have open source software and hardware 
available for anyone to download the software and 
projects, building their own version. In economic terms, 
the global additive manufacturing market is expected to 
reach US §$ 23.33 billion by 2026 [6]. However, 
determining when and how to reap the benefits is a 
challenge for traditional means of production. 


From the point of view of society, [7] product 
development may change from traditional stage-gate 
models to iterative and agile processes, changing the 
scenario by 2030. A large number of products can now be 
manufactured with additive manufacturing, which affects 
the geographic distribution and density of supply chains. 
global values [8]. It is expected that the range of products 
produced by additive manufacturing to date is printable 
and that in the near future it will be much greater, since the 
production of multi-material and built-in functionalities 
(for electronic products) is already possible in large 
quantities. In addition, the production of spare parts can be 
carried out on site, changing the role of suppliers in the 
production lines [9]; [10] explored the stages of distributed 
model factories and types of decentralized production 
ranging from distributed resources to cloud production. 
Thus, the need for transportation will be much more 
careful due to the fact that additive manufacturing allows 
the decentralization of production to locations close to 
customers or in the most extreme scenario distributed at 
the customer's premises [12]; [13]. In addition, this 
technology makes it possible to reduce barriers to market 
entry, reduce capital requirements and achieve a minimum 
efficient production scale to promote distributed and 
flexible forms of production [14]. This allows an 
alternative option from an economy of scale to an 
economy of scope, where products are highly 
personalized. 


A better understanding of the different steps required to 
transform plastic waste into secondary raw materials for 
additive manufacturing is needed. Therefore, this work 
presents a study of systematic literature review. 
Addressing some important points regarding the problem 
in relation to the polymeric mixture, polymers versus 
additive manufacturing and environmental issues. 


Il. METODOLOGY 


Five reviews have been identified in the literature [15], 
which address the qualitative and quantitative 
environmental impact of 3D printing in order to provide a 
comprehensive understanding and better guide research on 
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the subject. A framework has been proposed to assess and 
improve the sustainability of 3D printing processes 
through the integration of CAD and LCA software, 
followed by a _ review [16]. The environmental 
performance of additive manufacturing was analyzed, 
showing that most authors are concerned with the energy 
consumption of additive manufacturing equipment. [17] 
describes the evolution, advances and predictions of the 
4D printing life cycle, focusing on intelligent materials and 
associated characteristics as their response to stimuli, 
along with future challenges. The review of [18] analyzed 
the state of the art of sustainable additive manufacturing 
and classified 63 articles in three areas: environment, 
economy and society. Finally, a review conducted by [19] 
assesses the economic and environmental sustainability of 
additive manufacturing techniques by analyzing different 
sources in the literature, including standards proposed by 
different regulatory bodies located around the world, 
highlighting the importance of models for the construction 
of indicators risk. 


In several studies examined in this literature review, 
comparisons have been made between conventional 
machining processes in the additive manufacturing process 
using LCA software as a comparison tool. 


[20] assessed supply chain delivery times, primary 
energy consumption in the life cycle, greenhouse gas 
emissions and the life cycle costs of a product produced by 
additive manufacturing. [21] compared the environmental 
impact of conventional additive manufacturing using 
carbon fiber composite material in production. [22], 
assessed the environmental impact of additive 
manufacturing and rapid prototyping to assess 
manufacturing time and the cost of manufacturing metal 
components. [23] compared a centralized manufacturing 
system on a conventional mass scale for the production of 
a glass frame, with a distributed manufacturing system 
compatible with 3D printers. [24] carried out a study of the 
environmental impact of different impeller manufacturing 
methods, by immersion milling (CM), laser coating 
formation (MA combined with CM) and remanufacturing 
of additives (RM). 


[25] related energy consumption and the environmental 
impact of direct energy deposition with traditional 
machining processes. [26]; [27] compared _ the 
environmental impact of the machining process taking into 
account a conventional approach using single scale or 
batch production. [28] studied the effects of recycling up 
to four extrusion cycles on electronic waste and the 
production of virgin plastic filaments, proposing a 
mechanism for integral semi-quantitative degradation 
supported by FT-IR and TGA results. [29] indicated the 
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different approaches to manufacturing aluminum alloy 
components manufactured by additive manufacturing and 
other traditional processes. The results revealed that, for 
the case studies analyzed, additive manufacturing is a 
sustainable solution for the production of aluminum 
components for the following specific scenarios: when 
creating highly complex shapes, when significant weight 
reduction is necessary and when be used in transport 
systems. [30] assessed the environmental impact of 
additive manufacturing based on the robotic welding 
process, a 3D metal printing technique, and compared it 
with the green sand casting process and Computer 
Numerical Control milling. Through the literature and 
databases, they concluded that the results can vary 
significantly according to the shape of the product, its 
function of the materials used and the configuration of the 
process. 


The rapid prototyping technique has also been used to 
additive 
manufacturing. [31] showed additive manufacturing 
processes through the sintering process and selective laser 
fusion, identifying their most significant environmental 
impacts. Subsequently, [32] developed a method 
considering all the flows involved (material, fluids, 
electricity) in order to obtain the environmental impact 
study. This method was developed based on a predictive 
model of flow consumption to produce a certain part that 
was defined by the manufacturing route and the CAD 


assess environmental issues related to 


model. 


Ill. RESULTS AND DISCUSSION 


The European Commission, plastic materials are a 
priority area aiming to make all packaging made of 
recyclable material by 2030 [33]; [34]. In addition, it is a 
key enabler for circular economy, to close the polymer 
waste cycle [35]. However, mechanical recycling 
encounters several obstacles, since management and 
collection are complex technical considerations of plastic 
degradation [36]; [37]. The incompatibility between most 
polymers makes the classification process essential for 
satisfactory properties [38]. The separation of flexible 
laminated structures (for example, food packaging) for 
recycling, not economically, which explains that 
packaging applications, the biggest contributor to the 
production of plastic waste, are sent to landfills [39]. 


From a logistical point of view, the recycling process is 
less economically viable and the complex heterogeneity of 
the waste mixture that implies an investment in means of 
transport, storage and sorting. In addition, the price of 
recycled plastic is a function of the prevailing oil price 
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[40]. Therefore, creating a context that improves the 
economy and quality of plastic recycling are essential 
issues to be resolved in order to create value from these 
secondary resources. Specifically, assessing the quality of 
materials, components and products upstream and 
downstream from the point where they are disposed of as 
waste are the most important aspects to be determined 
[41]. Where, chemical recycling appears as a preferable 
option for complex and contaminated waste [42]. “Fig.1” 
presents data on production, use and destination of all 
plastic [43]. 


Additive manufacturing is defined as a process of 
joining materials to make objects from 3D models, where 
the manufacturing process is done layer by layer [44]. 
Accordingtothe ISO standard, 
thesevenmainprocesscategories are: (1) binderjet, (2) 
directenergydeposition, (3) extrusion material, (4) material 
jet, (5) powder, (6) sheetlaminationand (7) light curing. 


Polymeric materials are by far the most used material 
[45]; [46]: Thermoplastics, thermosets, elastomers, 
hydrogels, functional polymers, mixtures of polymers, 
compounds and biological systems. Recent work has 
presented a complete review of polymeric materials [47], 
additive manufacturing with a focus on 4D printing [48]. 
Elastomers [49]. Based on additive principles that apply to 
all manufacturing technologies, depending on_ the 
construction principle of each technique, it requires 
attention, since there are different physical aspects for the 
union of the material. Such a procedure generates different 
requirements for functionality and other parameters need 
to be considered to ensure a_ holistic technical 
understanding of the material, processes and properties. 
Most of the thermoplastics processed by the extrusion 
process are amorphous. The technical requirements of the 
material extrusion process include interfacial adhesion and 
undisturbed polymer entanglement to manufacture non- 
porous objects with mechanical properties similar to 
products made by conventional techniques [49]. In 
addition, rheological, thermal and mechanical properties 
need to be characterized to validate the use of a particular 
material. In the scientific literature, there have been many 
advances in the three-dimensional control of parts 
produced by the additive manufacturing process [50], 
mechanical properties, such as traction [51]; [52]; [53], 
fatigue [54]; [55], flexion [56], thermal properties [57]. In 
addition, several applications have successfully used 
polymeric materials, including dentistry [58]. 


However, from a technological point of view, different 
challenges have been identified for the development of 
additive polymer manufacturing in order to improve its 
competitiveness [59]. This competitiveness is related to the 
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functionality of the printed object, evolving from rapid 
prototypes or tools to the user's final product. Efforts have 
been made to reduce the anisotropy of printed parts [60]. 
Often, products produced by the additive manufacturing 
process have inferior mechanical properties compared to 
other manufacturing techniques in many cases, especially 
in the direction of construction [61]. In addition, 
manufacturing speeds are lower than _ traditional 
processing, such as injection molding. On the other hand, 
the current development of 4D printing is an important 
way to develop smart polymer materials. Polymers with 
shape memory, hydrogels or compounds based on active 
polymer are currently explored in several studies in order 
to evolve the 3D printed static part to change its shape, 
given a specific trigger or environment [62]. Objects with 
complex shapes, compositions (multimaterials), gradients 
(multicolored) and multifunctional (hard-soft) in a single 
step are advanced systems of additive manufacturing. 


In the environmental aspect, the clear advantage of 
additive manufacturing has the strong point of delivering 
more complex, optimized components and reducing 
assembly operations. It has greater flexibility in relation to 
traditional manufacturing, thus reducing it with less time, 
cost and improving the product development cycle [63]; 
[64]; [65]. However, other factors such as operational 
requirements do not meet the process have restrictions and 
limitations on absolute geometric freedom [66]; [67]. 


In the production phase, three main aspects stand out: 
resource consumption, waste management and pollution 
control. In consumption, several studies have measured the 
energy consumed by 3D printer equipment and _ its 
auxiliary subsystems [68] Material consumption [69] and 
comparison between traditional and additive processes 
[70]. Considering waste management in comparison 
between the weight ratio of the final product versus the 
weight of the input material. [71] reported a complete 
review on zero waste manufacturing, in which additive 
manufacturing represents an opportunity to implement this 
work. The mentioned challenges of plastic waste shape a 
scope of recycling and a loop framework of the closed 
loop recycling structure for Recycling distributed via the 
3D manufacturing process is proposed in order to identify 
the scientific literature at each stage based on the literature 
on polymer recycling [72]. This will allow us to identify 
advances in the global value chain that enables the 
production of the face shield stem with recycled polymer. 


Redistributed to manufacturers that use manufacturing 
technologies such as additive manufacturing or 3DP as 
part of a circular and sustainable production and 
consumption system. 
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IV. CONCLUSION 


In the present work, a review of the literature on 
additive manufacturing processes was carried out, seeking 
to recognize and identify the relevant aspects in relation to 
the recyclability of materials currently used in additive 
manufacturing and the environmental aspects in relation to 
production by additive manufacturing. Likewise, this study 
highlights the importance of considering some aspects in 
relation to the circular economy and sustainability in 
relation to the production processes related to additive 
manufacturing. 


The increase in the number of publications on the 
topics presented in this study shows that researchers are 
paying more attention to the sustainability of the additive 
manufacturing process. This suggests that the limitations 
of manufacturing in terms of reusing and recycling 
materials for rod manufacturing, the mobile part of the 
face shield will be quickly reduced. 


Materials with better recyclability will be more 
favorable for the production of the stem, the mobile part of 
the facial protector in a short period of time since 
production by additive manufacturing is the evolution and 
further studies in this area will consolidate this process. 
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